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TOPIC: Shark populations are in decline. What factors contribute to population declines 
in sharks? Which conservation efforts might be the most effective in restoring shark 
populations to viable levels? 
Within the last century shark populations have declined at an alarming rate (Baum et al. 
2003; Dulvy et al. 2008; Ferretti et al. 2010) which is thought to influence the very structure of 
the marine world (Edgar et al. 2011). An explosion of literature has recently addressed these 
declines and the urgency at which protection is needed (Sims 2009). Historically, declines have 
been mainly attributed to factors including increased fishing pressure and habitat degradation 
in combination with life history traits (Ferretti et al. 2010; Garla et al. 2006) and a lack of laws 
and policies aimed to protect sharks (Pough et al. 2009). In this paper, after a closer 
examination of the issues, I will examine the current migratory and residency behaviors of 
scalloped hammerheads, Sphyrna lewini, in the Eastern Tropical Pacific. I will then address the 
impact of the tourism industry on this species and the effectiveness of marine protected areas 
for Sphyrna lewini conservation.  
Interest in sharks by the scientific community is relatively recent with large international 
attention not really starting until 2003 when Baum et al. (2003) published data from their 
research conducted in the Northwest Atlantic over a 15 year period. These data showed 
population reductions in some species of up to 89% and no less than 50% in all species 
considered, with the exception of all mako shark species examined (primarily of the shortfin 
mako, Isurus oxyrinchus) (Baum et al. 2003; Sims 2009). Baum and Myers (2004) supplied 
further evidence of shark declines in 2004 with their research in the Gulf of Mexico. These data 
allowed for a comparison of standardized catch rates between the 1950’s and 1990’s and found 
that populations of the oceanic whitetip, Carcharhinnus longimanus, and silky sharks, C. 
falciformis, declined by over 99% and 90%, respectively (Baum & Myers 2004; Ferretti et al. 
2010).  
Although there have been publications showing alarmingly large declines in shark 
populations, the International Union for the Conservation of Nature (IUNC) has assessed the 
endangered status of many chondrichthyans (sharks, skates, rays and chimareas) in only the 
last 5-10 years (Ferretti et al. 2010). Of the 586 species considered which are not listed as data 
deficient, 63 (10.8%) are listed as critically endangered (CR) or endangered (EN) and 249 
(42.5%) are listed as vulnerable (VU) or near threatened (NT) with extinction. It should be 
noted, however, that 504 species (46% of the total considered) were listed as data deficient 
(DD) (IUNC 2012).  
Figure 1 illustrates the conservation status of chondrichthyans geographically from data 
starting in the 1950’s. The variation in population declines and endangered statuses may reflect 
historical fishing pressures. For example, the Mediterranean, NE Atlantic and NW Pacific have 
the longest histories of industrial exploitation. However, the Mediterranean and NE Atlantic 
show the highest percent of threatened (VU, EN, CR) species while the NW Pacific shows a 
greater percent of species with stable populations. It is possible that exploitation in the NW 
Pacific actually peaked before the 1950’s due to the exceptionally early actions of Japanese 
trawl fisheries (Ferretti et al. 2010). Pelagic biomass of marine species typically reduces by 80% 
within the first 15 years of exploitation (Myers & Worm 2003). If baseline data in the NW Pacific 
were collected after exploitation, the information may not accurately represent population 
levels before heavy fishing pressure started, which would
greater percent of species with stable populations.
 
Figure 1. Global fisheries trends and conservation status of 
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from around 270,000 tons in the 1950’s to over 800,000 tons in 2004 (Food and Agriculture 
Organization of the United Nations, 2005).   
Historically there has been little economic interest in sharks; however, this interest has 
increased tremendously in the last couple of decades (Clark et al. 2006b). Sharks are most 
valued for their fins which are traded globally to make shark fin soup (Pough et al. 2009). This 
soup has been a culturally important Asian delicacy for the last two centuries, traditionally 
served at weddings and banquets (Bradsher 2005). It is now, however, becoming a trendy dish 
that has not only become popular in Asia but is expanding to other countries including the 
United States where consumers are unknowingly eating endangered species.  
The worlds largest shark fin market is located in Hong Kong and represents 50% of the 
global trade. In 2006, Clarke et al. (2006a) assessed the proportions of species within this 
market using morphological inspection as well as DNA-based techniques. The DNA based 
techniques involved synthetic primers which were designed to recognize and anneal to species 
specific sequences of DNA located in the nuclear ribosomal DNA ITS2 locus. Results showed 
that between 34% and 45% of all auctioned fin weight within the Hong Kong shark fin market 
was comprised of only 14 different species of sharks. 
Fins are normally obtained by cutting off a shark’s fins then throwing the body back 
overboard. The severity of this practice can be illustrated by the number of catches in Hawaii in 
1997. Within this one year over 100,000 sharks were caught by longliners in order to obtain 
their fins and 98.6% of the mass was thrown back overboard. This is an incredibly wasteful 
practice. However, with shark fin soup running around $100 per bowl valuable boat space is not 
usually wasted on the low valued shark meat (Pough et al. 2009).  
Shark finning is a lucrative trade that has attracted artisanal and commercial fishermen 
as well as poachers. However, some would argue that an even greater threat to 
chondrichthyans is bycatch, which occurs across the globe and is thought to comprise 50% of all 
cartilaginous fish catch (Bonfil 1994). Bycatch is highest when gear that is not perfectly 
designed for its target species is used, and is profuse in mixed fisheries which use one type of 
gear to catch many different species (Bonfil 1994; Sims 2009). Bycatch can reach mortality rates 
as high as 100% with the use of gear such as trawls, gill nets and purse seines (Bonfil 1994). 
Using methods better designed for the target species would greatly reduce this high percent of 
bycatch; however, modifications to fishing gear is a complex process which may result in the 
decrease of bycatch in one species but actually increase the amount of bycatch in another 
species. It can also result in lower overall catch and may not be economically viable for fisheries 
(National Marine Fisheries Service 2011). A problem related to bycatch is ghost fishing which 
occurs when fishing gear such as gillnets, longlines and traps are lost or abandoned at sea and 
kills millions of animals each year (Castro & Huber 2010). 
Similar to fishing pressure, sharks do not respond well to habitat destruction or 
degradation. Sharks are generally apex predators, exist at the top of the food chain and have 
little natural threat (Pough et al. 2009). Juveniles, however, are most vulnerable as they can be 
preyed upon by larger sharks. To aid in the protection of juveniles, many species will use costal 
habitats and mangroves as nursery areas to provide refuge from predators (Garla et al. 2006). 
These important nurseries continue to be at risk by human actions. Worldwide, by 2007, 28% of 
land within 100 km from the coast had been modified by human behavior, mostly in the form of 
urban and cropland development. Coastal development applies stress to marine ecosystems by 
increasing pollution, overfishing and removal of important habitats and nurseries such as 
mangrove forests (Martinez et al. 2007). Although many species move to the open ocean or 
expand their habitat range as they get older, coastal habitats are essential for the survival of 
many juvenile shark species, and human induced coastal habitat modification poses a serious 
threat to the overall well-being of many chondrichthyan species (Garla et al. 2006).   
Fishing pressure and habitat degradation affect both teleosts and chondrichthyans. 
However, unlike teleosts, chondrichthyes have the life history characteristics and reproductive 
behaviors of a K-selected species which makes them highly vulnerable to extinction from even 
light fishing pressure and habitat modification (Ferretti et al. 2010). Sharks grow slowly, mature 
late and give birth to only a few young at a time. For example the Spiny dogfish shark (Squalus 
acanthius) is representative of an average litter size for most shark species with 2-10 pups 
birthed biennially; where as a teleost, for example the Atlantic Cod (Gadus morthua), will 
oviposit around 2-11 million eggs annually. Due to the life history characteristics of 
chondrichthyes, two requirements must be met for the maintenance of healthy populations. 
First, sharks must be allowed to survive long enough to reach reproductive maturity, which for 
many species is around 12 years. Second, since few young are produced there must be a high 
survival rate in juveniles. Sharks developed these reproductive and life history traits during the 
mid-Mesozoic Period 350-400 million years ago and historically have been successful, with 
serious declines occurring only recently (Pough et al. 2009; Sims 2009).  
Sharks have been successful in the long-term because they have few natural threats. 
This represents their status in the marine food web as ‘top’ or apex predators (Pough et al. 
2009). This status also means that the health of their populations affects trophic levels below 
them through trophic cascades. A trophic cascade is a widely documented process which is 
defined by two models: (1) The bottom-up model, in which the lowest trophic level influences 
the trophic levels above it in a given community, and (2) The top-down model where the 
highest trophic level, also known as top or apex predators, influences trophic levels below it in a 
given community (Campbell & Reece 2008). Since sharks are apex predators, their population 
declines are capable of initiating top-down trophic cascades. The most common diet of 
carnivorous sharks consists of mesopredators such as sea turtles and smaller elasmobranchs. 
Declines in carnivorous sharks will often reduce predation on these species and their 
population sizes will increase. A greater number of mesopredators will in turn increase 
predation pressure on resource species such as sea grasses (Ferretti et al. 2010). When 
significant declines in resource species occur there can often be a reduction in overall species 
richness as well as community productivity and stability (Duffy 2006).  
Trophic cascades can be detrimental to a marine community and can also have huge 
repercussions for humans by potentially putting other commonly fished species at risk. 
Increased fishing pressure on large sharks can indirectly cause population declines in other 
commonly fished species. For example cownose ray, Rhinoptera bonasus, populations increased 
in the NW Atlantic coast after the decline of seven large (>2m) shark species in the area. 
Increased predation pressure on the ray’s prey, bay scallops, in turn, caused their populations 
to drop to unharvestable levels and resulted in the termination of a century-long scallop fishery 
in North Carolina (Myers et al. 2007).   
If the current fishing pressures continue, it is possible that humans will fish down the 
food web until there is simply nothing left (Murray 2009). This process may be occurring in the 
Kwala-Zulu Natal shore in South Africa (Fig. 2). The beginning of a long-term shift in community 
structure began in 1956 with the implementation of a netting program which was installed to 
protect swimmers from shark attacks. By 1979 there was both a decrease in large predatory 
sharks and an increase in smaller sharks (<4.2 m), primarily the dusky shark, Carcharhinus 
obscurus, and milk shark, Rhizoprionodon acutu. This increase also coincided with a decrease in 
teleost populations as a result of higher predation pressure (van der Elst 1979). However, by 
the 1990’s Pradervand et al. (2007) hypothesized that increased fishing pressure on smaller 
sharks overcompensated their previous predation pressure as data showed large declines in the 
smaller sharks C. obscurus and R. acutu. With population declines of smaller sharks, the data 
also showed an increase in teleosts which was thought to occur from a decrease in predation 
pressure from smaller sharks (Pradervand et al. 2007). If this pattern of fishing pressure 
continues, teleost populations will decline and this pattern could potentially continue down the 
food web, causing ecological death of this system.   
 
 
Figure 2. A possible trophic cascade in the inshore waters of Kwa
1977 and 1978–2003. (a, e) Large sharks caught in shark netting programs (black: Main Beach, grey: Brighton
derived from aggregated catches of large sharks species reported in Holden (1977) and Dudley & Simpfendorfer (2006)
consistent between time periods, the species included in this group in both panels (a, e) are those reported by Holden (1977). 
Regression lines are: (a) generalized linear models as specified in Fig. 4, and (e) linear models of log(CPUE)year. Panels (b
and (f–h) are time series of log CPUE of small sharks 
from the recreational fishery, as reported by van der Elst (1979) and 
not explicitly reported in Pradervand et al. (2007), we 
fish caught. Solid lines depict linear regressions fitted to log
The diagram shows common species caught by shark nets and recreational
relationships. The initial increase of small sharks was thought to be due to predatory release, and their later decline because of
increased angling pressure. 
 
 
Although it is widely agreed that shark populations are declining, the degree of decline 
is widely disputed (Sims 2009). Until recently sharks have been economically unimportant 
which has lead to a poor collection of catch data. Often, fisheries catch data on elasmobranchs 
is lacking, incomplete or inaccurate and the actual data that are collected is usually done hast
(Clarke et al. 2006b). Difficulty differentiating between species has resulted in many fishermen 
lumping multiple species into one general group or misidentifying them altogether (Clarke 
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Also, the lucrative shark fin trade has recently attracted a large number of poachers whose 
unregulated catches go completely unrecorded. The paucity of data has made accurate long-
term population trend assessments quite difficult. This, combined with the recent 
endangerment assessment of the IUNC, has not allowed for much time or information to design 
and execute effective conservation effort. (Sims 2009; Clarke et al. 2006b; Ferretti et al. 2010; 
Castro & Huber 2010). 
Marine research, and thus, marine conservation efforts, in general are expensive and 
time consuming which make them difficult processes (Castro & Huber 2010; Dulvy et al. 2008). 
Adding to the inherent difficulty of marine research, many sharks exist in international waters 
and migrate across national boundaries (Bessudo et al. 2011; Pough et al. 2009) which makes 
conservation efforts and success largely dependent on strict cooperation between nations 
(Bessudo et al. 2011). Also, marine conservation strategies are unique for each shark species 
and geographical region which requires information that is currently scarce and difficult to 
obtain (Castro & Huber 2010; Edgar et al. 2011). To allow for a more thorough examination on 
the importance of this topic, I herein analyze the movement behavior of a specific species of 
shark within a specific region of the world, the scalloped hammerhead, Sphyrna lewini, in the 
Eastern Tropical Pacific. I then consider the impacts of the tourism industry, specifically diving, 
on scalloped hammerheads as well as the effectiveness of current conservation efforts on this 
species.  
 
 
SPECIFIC QUESTION: What are the movement and residency patterns of scalloped 
hammerheads, Sphyrna lewini, in the Eastern Tropical Pacific? What specific conservation 
actions may be most effective in restoring populations to viable levels?   
In the last century, sharks have declined rapidly worldwide (Baum et al. 2003; Dulvy et 
al. 2008; Ferretti et al. 2010). These declines have most likely had negative impacts on marine 
community structure through top down trophic cascades (Myers et al. 2007). Shark declines 
have also had negative impacts on humans, particularly hindering the tourism and fishing 
industries. The driving force behind shark declines is overfishing which can primarily be 
attributed to the recent interest in shark fin soup coupled with rapid advances in fishing 
technology (Ward and Myers, 2005; Food and Agriculture Organization of the United Nations 
2005; Pough et al. 2009)  
Interest in sharks from the scientific community has also been relatively recent, and as a 
result little is known of these species. The lack of basic biological knowledge can partially be 
attributed to the inherent difficulty of researching mobile marine life; this type of research can 
be inaccessible and expensive (Castro & Huber 2010; Dulvy et al. 2008). There has been some 
baseline work done on shark populations to assess species declines, however, there is a huge 
gap in our knowledge of the basic biology of these species. High priority research to understand 
the biology of sharks includes demographic data (survival rates, fertility patterns and spatial 
range) and life history specialization (ontogeny, foraging niches and intra- and inter-specific 
competition). These data would allow for the assessment of which life stages are most 
vulnerable to exploitation and ultimately aid our ability to implement successful conservation 
actions (Sims 2009).  
One species of particular interest to the shark fin industry is the Scalloped hammerhead, 
Sphyrna lewini. Sphyrna lewini is a tropical and subtropical shark which has been heavily 
exploited in the Eastern Tropical Pacific (ETP). A number of variables have contributed to the 
heavy exploitation of this species within this geographic region. First, scalloped hammerheads 
have a high fin ray count which makes their fins highly valued in the shark fin soup industry and 
thus, highly targeted by fisheries and poachers. Second, scalloped hammerheads are one of the 
few shark species that swim in large schools. There are known aggregation sites around Cocos 
Island (Costa Rica), The Galapagos Islands (Ecuador) and Espiritu Santo seamount (Gulf of 
California) which make these species particularly easy to catch and highly vulnerable to 
fisheries. Poor enforcement of fishing restrictions in the ETP has also allowed for high rates of 
illegal fishing and extensive poaching. In addition, scalloped hammerheads have low resilience 
to exploitation due to life history characteristics of a moderate litter size (12-38 pups) and high 
generation period (>15 years) (Baum et al. 2013). 
Within the ETP, scalloped hammerheads are an especially important source of income 
to the tourism industry among The Galapagos Archipelago and Malpelo Island (Cubero-Pardo et 
al. 2011). The Galapagos Archipelago is comprised of 13 major islands and over 100 islets which 
are located on the equator 1,000 km from the coast of continental Ecuador and Malpelo Island 
is located 490 km from the port of Buenaventura off the Colombian Pacific coast (Bessudo et al. 
2011; Snell et al. 1996). Current research in this geographic region includes scallop 
hammerhead migration and residency behaviors as well their reactions to divers (Bessudo et al. 
2011; Hearn et al. 2010). 
 
 Figure Analysis #1 
Context 
Marine protected areas  (MPA’s) within the ETP, most eminently, the Galapagos Marine 
Reserve (138,000 km2), the Cocos Island National Park (1997 km2) and the Malpelo Flora and 
Fauna Sanctuary (9584 km2), were designed with little knowledge of the marine species they 
were designed to protect. Understanding the movements of scalloped hammerheads regionally 
within the ETP can be used to determine the connectivity of the ETP as well as provide 
information for more efficient MPA design (Bessudo et al. 2011). Bessudo et al. (2011) 
examined the temporal and spatial movements of scalloped hammerheads around Malpelo 
Island and their migratory behavior to surrounding islands (fig. 3).   
Methods 
Study site  
Among the waters surrounding Malpelo Island, there are two distinct seasons: the cold 
season from January to April and the warm season from May to December. Water conditions—
TH2O, visibility, thermocline level and nutrient availability—vary drastically during the two 
seasons.  
Ultrasonic telemetry/Range tests 
Ultrasonic tags were attached to 69 scalloped hammerheads by free divers from the 
years 2006-2008. There were 6 ultrasonic receivers (VR2, Vemco Ltd) located around Malpelo 
Island. The receivers recorded each successfully decoded pulse train which occurred from each 
tag randomly every 50 to 190 seconds. Tags produced specific codes for each individual shark 
and recorded water depth and water temperature. Data from the receivers were downloaded 
every 4-5 months and if an individual did not register in any of the receivers it was assumed to 
be absent from the island, dead, or it had shed its tag. Similar receivers were also implemented 
by other research teams in the Galapagos Islands (Hearn et al. 2010) and Cocos Island (Arauz, 
personal communication, as cited by Bessudo et al. 2011). 
Range tests were conducted to determine the maximum distance a receiver was able to 
pick up a signal from the tags. Tests were conducted at three different sites which had different 
environmental conditions and water currents. The maximum distance attempted was 400 m 
and the maximum distance the receivers were able to pick up a signal was 350 m. 
Results 
Tagged scalloped hammerheads, Sphyrna lewini, around Malpelo Island showed a 
variety of migratory and residency behaviors. Individual transceivers detected sharks in one 
general location anywhere from 1 week to several months. In other cases, sharks left the island 
anywhere from a few days to several months then returned back to the same location – some 
sharks remained absent from the island for long periods of time or did not return at all. 
During the years of 2006-2009 there were also 5 tagged scalloped hammerheads 
detected at Cocos Island which is located 627 km from Malpelo. One of the sharks detected at 
Cocos Island in April of 2008 was also detected at The Galapagos Islands located 710 km from 
Cocos. The shark was detected at The Galapagos Islands during the end of May 2008 to March 
2009. Although the data show connectivity of scalloped hammerheads between Malpelo Island, 
Cocos Island and the Galapagos Islands, only a low percent displayed this behavior (<7% of 
tagged Sphyrna lewini).  
  
 
 
 
Fig. 3 Presence of tagged Sphyrna lewini at Malpelo Island from 2006-2009. Ultrasonic 
tags were attached to sixty-nine individuals at Malpelo Island. Each symbol represents the 
location a receiver detected a signal emitted by an individual Sphyrna lewini. Note that 5 
individuals were detected in Cocos Island (□), and one of those individuals was also detected in 
the Galapagos archipelago (Δ). 
 
 
 
Relevance 
Tagged hammerheads did not stay exclusively at Malpelo Island. Large migrations to 
both Cocos and the Galapagos Islands were observed between the months of March and April 
with individuals covering distances as far as 1941 km. The migratory behavior may be explained 
as gravid females moving to pupping areas during the months of March and April and returning 
to Malpelo Island at a later time. This hypothesis is supported by the observation that the 
majority of females seen around Malpelo Island during the first few months of the year were 
gravid. The exact location to which Sphyrna lewini migrates in Costa Rica is not stated in the 
paper. However, there are known Sphyrna lewini nurseries in the Golfo Dulce, Costa Rica which 
may provide protection from predators in addition to having ideal food availability. The 
nurseries in this area are characterized by shallow waters (10-30 m) making them inaccessible 
to larger predators. They also have a sandy or muddy bottom which creates low visibility and 
also reduces predation risk (Speed et al. 2010; anonymous (a) 2011). Nurseries may also 
provide ideal food for Sphyrna lewini juveniles. Due to the early age and low skill capacity for 
finding food, Sphyrna lewini juveniles channel all their energy in capturing benthic and 
demersal species of small sizes which are abundant in this area (Cesarotto et al. 2010). 
Although these sites are good nurseries for scalloped hammerheads, it is not understood why 
hammerheads migrate such extended distances instead of selecting pupping areas in closer 
proximity to the sites used by adults.  
Scalloped hammerheads also left and returned to Malpelo Island for similar periods of 
time during each of the three consecutive years of the study. This may suggest that seasonal 
changes in oceanographic conditions trigger the migratory behavior of this species to pupping 
areas. However, this is only speculation and knowledge of specific oceanographic conditions 
that trigger this behavior would require further investigation.  
Scalloped hammerhead migration extends between the nations of Colombia, Ecuador 
and Costa Rica. Considering the connectedness of the ETP, cooperation of regulatory policies 
between these nations is necessary for efficient protection of this species. Migration between 
nations also makes scalloped hammerheads vulnerable in international waters where there is 
no political jurisdiction or regulation (Pough et al. 2009). However, in March of 2013 scalloped 
hammerheads were listed in CITES under Appendix II which regulates international trade by 
requiring strictly controlled permits to export scalloped hammerhead fins (anonymous(b) 
2013). This is considered a huge step towards the conservation of this species and will hopefully 
decrease the frequency of fishing in non-policed international waters. 
In addition to migratory behavior, it is also important to understand residency behaviors 
of scalloped hammerheads (Sphyrna lewini). This species showed a preference for the side of 
Malpelo Island where the current was coming in, which can probably be explained by a higher 
amount of upwelling and food availability (Bessudo et al. 2011). 
Figure Analysis #2 
Context 
The residency behaviors of scalloped hammerheads at Malpelo Island are similar to the 
residency behaviors at the Galapagos Islands. Hearn et al. (2010) examined whether the 
distribution of scalloped hammerheads around Wolf and Darwin Islands in the Galapagos 
Archipelago was uniform or if they showed a geographic preference for certain regions of the 
Islands (Table 1; Fig. 2). The study also examined both seasonal and diurnal behavior around 
these two islands. In 2009 the Galapagos Science symposium stated that the temporal and 
special scale movements of scalloped hammerhead are not well known and the findings from 
this study will influence the re-shaping of marine reserves among the Galapagos Islands 
(Ketchum et al. 2009). 
Methods 
Study site 
The study was conducted at Darwin and Wolf Islands which are located in the remote 
far north of The Galapagos Archipelago on the equator 1,000 km from the coast of continental 
Ecuador.  Darwin and Wolf Islands are located 38 km from each other and are the smallest 
islands of the archipelago with surface areas of 106.3 and 134.4 hectares, respectively (Snell et 
al. 1996). Both islands have rocky coastlines that descend abruptly into waters as deep as 
several hundred meters. They are also both surrounded by a few islets, exposed rocks and 
water temperatures between 22.5oC and 27oC year round.  
Surveys/Ultrasonic tag detection and tracking 
In January, May, July and November of 2008 visual censuses were carried out by trained 
researchers and dive guides. Pairs of divers kept their backs to the reef and recorded onto 
slates all pelagic organisms on a 30 minute drift dive or slow swim. The visibility, current 
strength and depth of the thermocline were also recorded.  
Ultrasonic tags were attached to the dorsal fins of 71 Scalloped hammerhead sharks at 
two locations. Sixty-one scalloped hammerheads were tagged between Rockfall and Shark Point 
in July and October of 2007 and 10 scalloped hammerheads were tagged at Darwin Arch in 
October of 2007. Each tag emitted a coded signal with a random delay of 40-140 s, and eight 
tag-detecting ultrasonic receivers were installed around Darwin and Wolf Islands (Fig. 4).  
Range tests for the ultrasonic receivers were performed at 25 m intervals with a 
maximum distance of 400 m. All sites had 100% detection at 150 m. Past 150 m, drops in 
detection rates varied.  
Results 
On the east side of Wolf Island, all tagged scalloped hammerheads except one were 
detected at Shark Point at least once—46 and 48 scalloped hammerheads were detected at 
Rockfall and East Bay, respectively, which are located on either side of Shark Point (fig. 4; table 
1). The median number of days scalloped hammerheads were detected at each of these three 
sites was 8-11. On the west side of Wolf Island, only half the tagged scalloped hammerheads 
were detected at Elephant and Anchorage sites for a median of 1 and 0 days, respectively. At 
the Pinnacle site, the receiver was lost after the October 2007 download and contained 3 
months of data only from scalloped hammerheads tagged in July 2007.  
There were two receiver sites on Darwin Island and between the two of them there was 
a significantly greater number of detections at Darwin Arch on the West side of the island (43 
individuals, for a median of 4 days) compared to Darwin stack on the East side of the island 14 
individuals for a median of 0 days). Kruskal-Wallis one-way analyses and Tukey post hoc tests 
were used to compare the amount of detections between the two sites at Darwin Island, but 
the paper does not include calculated values for this statistical analysis.  
Considering all sites from both islands, significantly more tagged scalloped 
hammerheads were detected at Shark Point than at any other site (Kruskal-Wallis, P<0.05) 
where East Bay, Rockfall and Darwin Arch had significantly higher detection rates than the 
remaining sites (Kruskal-Wallis, P<0.01) but did not differ between each other. The only two 
sites with uninterrupted visits of over an hour were Arch at Darwin Island and Shark Point at 
Wolf Island—they had longer, more frequent visits and were considered to have a high degree 
of residency. East Bay and Rockfall, which are located directly to the north and south of Shark 
Point, were considered to have intermediate residency. Lastly, Elephant and Anchorage at Wolf 
Island and Darwin Stack at Darwin Island had short, infrequent visits. Scalloped hammerheads 
were probably just passing through these sites and were not considered to have any residency.  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
   
             Table 1. Number of detections of scalloped hammerheads tagged at sites around Darwin   
             and Wolf Islands 
 
 
 
 
            Fig 4. The different study sights at Darwin and Wolf Islands. Each point is the location of  
            a tag-detecting ultrasonic receiver (Vemco Ltd., VR-02 and VR-02 W). 
 
 
 
Relevance 
Visual and telemetric surveys showed that scalloped hammerheads preferred the 
southeastern corner of both Islands. There was a higher abundance of scalloped hammerheads 
at one “hotspot” at each of the two islands (Shark Point at Wolf Island and Arch Island at 
Darwin Island). The high abundance of scalloped hammerheads at these two locations may be 
explained by food availability. This study also considered abundance of other pelagic species 
(including pompano, jacks, tuna and bottlenose dolphins), and surveys showed these species 
preferred the same hotspots at which the scalloped hammerheads were found which may be 
explained by a higher abundance of primary productivity due to upwelling. In addition, 
scalloped hammerheads at all sites showed distinct diel behavior throughout the year. Tracking 
of one individual showed ultrasonic receiver detections at Shark Point, Wolf Island between 
dawn (0600 h) and dusk (1800 h) throughout the year (Rao’s Spacing Test, P<0.001). During the 
study scalloped hammerheads were never seen foraging close to the islands which suggests 
that they spend daytime hours close to the island then leave at night to the open ocean to 
forage on epipelagic prey.  
 Migration and behavioral surveys such as those conducted by Bessudo et al. (2011) and 
Hearn et al. (2010) are essential for conservation efforts. These studies provide data including 
geographic range and forage location as well as seasonal, diel and migratory patterns which 
provide technical advice for the design and spacing of marine protected areas. For example, 
Hearn et al. (2010) showed habitat utilization of scalloped hammerheads extends beyond the 
current Galapagos marine reserve (GMR). The GMR was originally designed through socio-
political negotiations with tourism operators so that access restrictions had minimal hindrance 
on the tourism industry. As a result, the GMR does not effectively protect many marine species. 
However, the GMR is currently under re-construction and will be better fit for the conservation 
of marine species with the help of the behavioral study conducted by Hearn et al. (2010). For 
the purpose of the GMR and other marine reserves, data on scalloped hammerheads is 
particularly beneficial as they are considered an indicator species, and the design of marine 
reserves based on their locations would also protect species of lower trophic levels that have a 
similar habitat range (Hearn et al. 2010; Ketchum et al. 2009).  
Figure Analysis #3 
Context 
Although the location of marine protected areas (MPAs) are essential for effective 
conservation, the restriction level of human activity within MPA’s are equally important for 
conservation. Varying restriction levels on human activity found within MPA’s include: no entry, 
no fishing, restricted fishing, and open fishing with specific gear restrictions. It is much easier to 
enforce no-entry zones than to police and regulate fishing restrictions within zones that allow 
entry. Once entry is permitted there can by high rates of poaching and illegal fishing which 
results in a less effective MPA. Robbins et al. (2006) addressed the relative effectiveness of four 
different MPA restriction levels in Australia along the Great Barrier Reef by comparing whitetip 
reef shark (Triaenodonn obesus) and gray reef shark (Carcharhinus amblyrhynchos) abundance 
between the four sites (Fig. 5).  
 
 
 
Methods 
Study site/Visual Censuses 
Eighty visual surveys were conducted on 21 reefs on the northern and central Great 
Barrier Reef (GBR) off the coast of Australia. Divers swam down current (when possible), 
parallel to the reef crest, at a constant rate of 20 m per min during daylight hours. The 
minimum visibility during the surveys was 10 m. The 21 reefs fell into one of four categories of 
restriction on human activity. These categories included (1) No-entry zones (NE) which are 
aerially-surveyed, strictly-enforced exclusion areas (1% of the total reef area on the GBR) (2) 
No-take zones (NT) which cannot legally be fished, although fishing boats are permitted to be 
present (30% of the total reef area) (3) Limited-fishing zones (LF) which have tight restrictions 
on the type and quantity of fishing gear permitted (4% of the total reef area) (4) Open –fishing 
zones (OF) which have fewer gear restrictions on line fishing (60% of the total reef area). 
Seventeen additional surveys using similar methodology were conducted in the Cocos (Keeling) 
Islands in the Indian Ocean. There is no record of commercial shark fishing at Keeling Islands 
and was included as an estimate of shark abundance under minimal exploitation.    
Results 
Reef effect was tested using a mixed model nested analysis with different restriction 
zones as a fixed effect. No significant difference was found on reef effect (p > 0.9 for both 
species). It was then possible to pool all transects across the reefs and run statistical analysis on 
restriction zones. One-way ANOVA’s and Tukey HSD post hoc tests showed a significant 
difference in Triaenodon obesus and Carcharhinus amblyrhynchos abundance among the 4 
different zones. The paper does not include calculated values for this statistical analysis.  
No-entry zones differed significantly in Triaenodon obesus and Carcharhinus 
amblyrhynchos abundance from no-take, limited-fishing and open-fishing zones (p<0.005). No-
take, limited-fishing and open-fishing zones did not significantly differ from each other (p>0.7 
for each comparison). When comparing shark abundance in no-entry versus open-fishing zones 
(the highest versus lowest levels of restriction), abundance differed by 80% for whitetip reef 
sharks and 97% for gray reef sharks. 
 
 
 
 
 
 
 
 
 Fig 5. Abundance of Reef Shark on Coral-Reef Fronts. Mean abundance of whitetip reef 
sharks (A) and gray reef sharks (B) estimated through underwater visual surveys at the Cocos 
(Keeling) Islands (CK) and at no-entry (NE), no-take (NT), limited-fishing (LF), and open-fishing 
(OF) management zones on the Great Barrier Reef, Australia. Error bars represent standard 
errors. Seventeen surveys were undertaken at the Cocos (Keeling) Islands; 19 were undertaken 
in each of the NE, NT, and LF zones, and 23 were undertaken of OF zones. Asterisks denote 
management zones that significantly differ from no-entry (NE) zones; *p < 0.005. Reef shark 
abundances do not significantly differ among no-take, limited-fishing, and open fishing zones; p 
> 0.7 for each comparison. 
 
 
Relevance 
As long as entry was allowed in an area, there was no difference in the abundance of 
Triaenodonn obesus and Carcharhinus amblyrhynchos. Both species of reef sharks show high 
site fidelity indicating the results are due to high amounts of illegal fishing directly targeted at 
these species. This suggests that no take zones offer almost no protection and the current MPA 
plan is insufficient for the conservation of these species. This also shows that it is much easier 
to enforce no-entry zones than to police and regulate fishing restrictions within zones that 
allow entry (Robbins et al. 2006).  
There is, however, a source of optimism in these results. The abundance of reef sharks 
in no-entry zones were comparable to the abundance of reef sharks in the Keeling Islands. 
There is no documented activity of commercial shark fishing in the Keeling Islands which 
suggests no-entry zones may be sufficient to restore shark populations. However, overall the 
reef sharks along the GBR are predicted to become depleted.  Only 1% of the reef on the GBR is 
dedicated to no-entry zones—this small percent is comparable to many other regions around 
the world, including The Galapagos and Malpelo Islands which also provide little protection for 
Sphyrna lewini. No entry zones are particularly difficult to establish around The Galapagos and 
Malpelo Islands because one of the major sources of income in these areas is tourism. Changing 
a large percent of the islands’ coasts to no-entry zones would almost certainly have a negative 
impact on this industry (Baum et al. 2013; Cubero-Pardo et al. 2011; Robbins et al. 2006).  
 
 
 
Figure Analysis #4 
Context 
It is possible for tourism, mainly ecotourism, to contribute to shark conservation. There 
is a monetary incentive to keep shark populations healthy if their presence generates large 
amounts of income to the local economy through activities such as diving tours. The 
assumption that diving tours have no impact on shark populations has prevailed without 
actually being studied. It is possible that diver behavior has a negative impact on an individual 
shark’s behavior and fitness which is important to consider since ecotourism is growing at such 
a fast rate at The Galapagos Islands as well as Malpelo Island (Cubero-Pardo et al. 2011). 
Stricter regulations on tourists may be needed to keep shark populations at healthy (higher) 
levels. This issue was addressed by Cubero-Pardo et al. (2011) who examined the behaviors 
between 5 shark species and recreational scuba divers in MPA’s in The Galapagos Islands and 
Malpelo Island (Fig. 6). Sphyrna lewini was included in this study. 
Methods 
The study took place at two different sites: The Galapagos Archipelago located 1000 km 
off the coast of mainland Ecuador and Malpelo Island located 380 km from mainland Colombia 
on the Pacific coast. Interactions between recreational divers on a live-a-board diving cruse and 
5 different shark species (Scalloped hammerhead (Sphyrna lewini), white-tipped (Trianenodon 
obesus), silky (Carcharhinus falciformis), Galapagos (Carcharhinus galapagensis) and whale 
sharks (Rhincodon typus)) was recorded by a research diver who accompanied the dive cruise.   
Diver interactions with a ‘focal group’ were recorded, where a ‘focal group’ was defined 
as sharks clearly associated with one another and engaged in the same activity at the beginning 
of an encounter. Diver behavior was placed into one of five discrete categories: (1) direct 
approach, where divers began/continued to move directly toward the focal group, (2) camera 
flash, where at least one member of the diving group used the flash on their camera to take a 
picture of the focal group, (3) sudden movement, where the diver closest to the focal group 
made a sudden movement with an arm/leg/entire body while remaining in the same location, 
(4) noise, where any diver created a noise besides expelling bubbles, such as banging on their 
tank, and (5) simple presence, where the diver observed the focal group without making any 
movements or sound.  
The reactions of one or more members (simultaneously) of the focal group immediately 
following the divers actions (as defined above) were placed into one of four discrete categories: 
(1) evasion, where the shark/s clearly changed their direction of movement to actively move 
away from the diver, (2) spontaneous approach, where the shark/s moved toward the diver 
voluntarily, (3) alert, where the shark/s changed their current behavior to orient themselves 
toward the divers and/or make small movements away from the divers without leaving the 
general area, and (4) no reaction, where the shark/s did not change their current behavior.  
Results 
The proportion of diver interactions between the two islands were very similar. The two 
most frequent behaviors displayed by divers were ‘simple presence’ (74% in Galapagos and 79% 
in Malpelo) and ‘direct approach’ (close to 20% in each both areas). In both islands less than 5% 
of interactions included the ‘use of flash’, ‘sudden movement’ and ‘production of noise’.  
The most frequent reaction of all five species of sharks was ‘Evasion’ when divers 
displayed ‘direct approach’ and ‘sudden movement’ in both Malpelo (CoA X2 = 138.504, d.f.=12, 
p<0.001) and Galapagos (CoA X2 = 193.504, d.f.=12, p<0.001). At both sites ‘no reaction’ and to 
a lesser extent ‘spontaneous approach’ were the most frequent reactions of all five shark 
species when divers displayed the ‘simple presence’ behavior. However, all five species of 
sharks displayed ‘no reaction’ more frequently in The Galapagos than Malpelo. ‘Spontaneous 
approach’, ‘alert’, and ‘evasion’ behaviors occurred for all five shark species in Malpelo almost 
twice as frequently than The Galapagos (Pearson X2=78.117, d.f.=3, p<0.001).  
At the species level, scalloped hammerheads displayed ‘no reaction’ more frequently 
than the other four species in both Malpelo (CoA X2=63.982, d.f.=12, p<0.001) and The 
Galapagos (CoA X2=183.851, d.f.=12, p<0.001). Also, at both sites divers displayed ‘simple 
presence in more than 80% of the encounters with scalloped hammerheads (Pearson 
X2=46.267, d.f.=4, p<0.001). Scalloped hammerheads were also observed less closely (>4-6 m) 
than the other 4 species (0-4 m) in The Galapagos (CoA X2=181.954, d.f.=12, p<0.001). Similarly, 
scalloped hammerheads and the galapagos shark were observed less closely (>4 m) than the 
other 3 species (>2-4 m) in Malpelo (CoA X2=43.699, d.f.=16, p<0.001). 
 
 
 
 
 
 
 
 
  
 
 
 
Fig 6. Frequency of shark reactions to specific actions performed by recreational scuba   
divers in the Galapagos Marine Reserve and Sanctuary of Fauna and Flora Malpelo.  
 
 
 
 
 
 
 
 
 
 
 
 
Relevance 
 Recreational divers observed scalloped hammerheads at a greater distance and engaged 
in less obtrusive behavior towards them than the other four shark species considered in the 
study. This behavior towards scalloped hammerheads has two probable explanations. Firstly, 
scalloped hammerheads were commonly found in areas with strong currents where divers were 
forced to grab onto rocks which made close interactions with them more difficult than with the 
other species. Also, people considered scalloped hammerheads more dangerous than the other 
species and as a result were not as comfortable swimming in closer proximity to them. Less 
obtrusive behavior displayed by the divers resulted in scalloped hammerheads rarely changing 
their behavior. In contrast, divers interfered more closely with the shark species they 
considered less dangerous which resulted in more highly modified behavior of the sharks. 
 The results suggest that diver behavior can determine shark behavior and cause short-
term behavioral changes. In order to minimize negative behaviors by tourists that disturb 
wildlife and habitat, administrations of the Galapagos Marine Reserve and Sanctuary of Fauna 
and Flora Malpelo require structured briefings to tourists at every dive site. Cubero-Pardo et al. 
(2011) suggests using the results of this study to enhance the code of conduct required by 
tourists at these sites. Diver behavior less likely to change the behavior of all 5 shark species 
included avoiding direct approach, sudden movements, noise, and the use of photographic 
flash, as well as staying still when around sharks and keeping a minimum distance of 4 meters. 
The results of this study could also be used to analyze how tourists perceive different shark 
species which is useful for the design of wildlife management and education plans.  
 
Conclusion 
Many species of sharks have experienced recent but rapid declines, with some reaching 
as high as 99% in the past decade. These declines have resulted in many species being listed as 
‘endangered’ or ‘threatened’ in the IUNC redlist. Since sharks are apex predators and fill an 
important niche in the marine ecosystem their declines can cause top-down trophic cascades, 
which can have severe negative impacts on both marine and human communities.  There are 
multiple anthropological influences that have contributed to shark declines, the most important 
of which involve irresponsible fishing practices and it has been shown that even light fishing 
pressure can cause strong population declines (Baum & Myers 2004; Dulvy et al. 2008; Ferretti 
et al. 2010). Shark conservation requires specificity for each unique species and region. For 
example, scalloped hammerheads, Sphyrna lewini, have been shown to migrate widely 
throughout the Eastern Tropical Pacific, which suggests a connectedness that requires 
multinational cooperation for effective conservation. Sphyrna lewini has also been shown to 
have predictable diurnal behavior and regional preferences for a given island, which is most 
likely dictated by food availability and seasonal oceanic conditions. Research regarding 
residency and movement behavior is an important component in establishing successful marine 
protected areas; however, this type of research is usually difficult and expensive, which can 
inhibit the execution of successful marine protected areas and thus, conservation efforts 
(Bessudo et al. 2011; Hearn et al. 2010).   
Future studies 
Telemetric studies similar to those conducted by Bessudo et al. (2011) and Hearn et al. 
(2010) are important for advancing our knowledge of shark movement and behavior. Studies of 
this nature have considerable influences on the quality of marine reserve design and re-design 
and shark populations would ultimately benefit if more studies such as these were conducted.  
Juvenile movement behavior is particularly useful to understand because it provides 
information on nursery usage which is an important habitat to include in marine reserves for 
shark conservation. In March and April of 2012 I had the opportunity to participate in a 
telemetric study with juvenile blacktip sharks (Carcharhinus limbatus) that is currently still in 
progress. I assisted graduate student Maximilian Hirschfeld and the Galapagos National Park 
Service in Puerto Baquerizo Moreno, San Cristobal Island in the Galapagos Archipelago. The 
study area had been claimed as an important blacktip shark nursery and data on the movement 
behavior of juveniles as well as spatial information was going to be used in the plan for an 
improved zoning scheme of the Galapagos Marine Reserve, which is currently under revision.  
Although understanding the spatial range of juveniles is important for shark 
conservation, other life stages are also important to consider. It is important to determine the 
relative vulnerability of various life stages of specific shark species to particular threats. This can 
be assessed with data including: survival rates, fertility patterns, spatial range, ontogeny, 
foraging niches and intra- and inter-specific competition. Methods for data collection should 
include long term telemetric studies, observational studies and the development of a globally 
uniform method to monitor catch data (Sims 2009; Speed et al. 2010).  
Broader implications  
 One of the biggest challenges of marine conservation is balancing human needs with the 
welfare of the marine ecosystem. While fishing, coastal tourism and development are 
economically important they have the potential to regionally extinguish a species which can 
cause permanent damage with irreversible effects on marine communities as well as human 
well-being. Stock depletion may be prevented by an early establishment of sustainable fishing 
regulations. In the short-term, these types of laws are not economically beneficial and result in 
a lower income for those in the fishing industry; however, they are necessary for the health of 
the industry in the long-term to prevent stock collapse (Ferretti et al. 2010; Pradervand et al. 
2007; van der Elst 1979).  
Support from the general public and fishing communities toward sustainable fishing 
practices would be an important step in the direction of shark conservation and can only be 
achieved through education. It would be ideal to change the current perspective of sharks in 
the media from dangerous killing machines to a more accurate portrayal as vulnerable animals 
at risk of extinction. While this change may happen over time, there are currently smaller scale 
educational efforts that can be implemented quite easily. Many tourists take part in marine 
activities each year such as recreational diving. A discourse on the importance of general 
conservation and environmental awareness would provide insight to at least a portion of the 
general public. Research also provides an opportunity for regional education. It should be the 
responsibility of researchers to talk with local communities and artisanal fishermen about the 
importance of their research and sustainable fishing.  
Both research and education are important for the long-term conservation of sharks; 
however, there are actions that can be taken now to reduce population declines. It is expected 
that international agreement on shark conservation policies and laws that ban or restrict 
international trade would greatly reduce the abundance of shark catches and give the species a 
chance to recover. This issue is currently being addressed internationally. On 13 March 2013 
the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) 
included five shark species in Appendix II: the oceanic whitetip (Carcharhinus longimanus), 
scalloped hammerhead (Sphyrma lewini), great hammerhead shark (Sphyrna mokarran), 
smooth hammerhead shark (Sphyrna zigaena) and the porbeagle shark (Lamna nasus). These 
species are also all classified as threatened on the IUCN Red List. Appendix II states that trades 
of these species require CITES permits and proof that the species were acquired both 
sustainably and legally. This was considered a milestone in CITES involvement with marine 
species. A huge decline in global catches is expected to occur which will give these species an 
opportunity to return to viable population levels (Anonymous (b), 2013). 
It is also important to consider shark declines from an ethical standpoint. Most sharks are 
fished for their fins. The process of acquiring fins includes stunning the sharks by beating them 
with a club, cutting off their fins, then throwing the live sharks back overboard. Once returned 
to the ocean, the sharks die slowly by either bleeding to death, suffocating or being eaten alive 
(Stewart, 2006). This is an extremely brutal and inhumane practice. Although shark exploitation 
has many significant global impacts, it is important to remember that they deserve to be 
treated humanely simply because they are members of the biota on this planet.  
 
 
 
 
 
 
 
Literature Cited 
Anonymous (a), 2011. Mission Tiburon begins study of juvenile hammerhead nursery grounds 
       in Golfo Dulce, Costa Rica. From Migramar <http://migramar.org/hi/home/mision-tiburon- 
       begins-study-of-juvenile-hammerhead-nursery-grounds-in-golfo-dulce-costa-rica/>. 
Anonymous (b), 2013. Press release from convention of international trade in endangered 
       species of wild fauna and flora. <http://www.cites.org/eng/news/pr/2013/20130314_cop1 
       6.php>. 
Baum, J.K., Myers, R.A., Kehler, D.G., Worm, B., Harley, S.J., Doherty, P.A. 2003. Collapse and 
      conservation of shark populations in the Northwest Atlantic. Science 299: 389-392. 
Baum, J.K. & Myers, R.A. 2004. Shifting baselines and the decline of pelagic sharks in the Gulf of  
      Mexico. Ecology Letter 7: 135-145. 
 
Baum, J., Clarke, S., Domingo, A., Ducrocq, M., Lamónaca, A.F., Gaibor, N., Graham, R.,  
     Jorgensen, S., Kotas, J.E., Medina, E., Martinez-Ortiz, J., Monzini Taccone di Sitizano, J.,  
     Morales, M.R., Navarro, S.S., Pérez-Jiménez, J.C., Ruiz, C., Smith, W., Valenti, S.V. & Vooren, 
     C.M. 2007. Sphyrna lewini. In: IUCN 2012. IUCN Red List of Threatened Species. Version  
     2012.2. <www.iucnredlist.org>. Downloaded on 28 March 2013. 
Bessudo, S., Soler, G.A., Klimley, A.P., Ketchum, J.T., Hearn, A., Arauz, R. 2011. Residency of the 
      scalloped hammerhead shark (Sphyrna lewini) at Malpelo Island and evidence of migration  
      to other islands in the Eastern Tropical Pacific. Environ Biol Fish 91:165-176. 
Bonfil, R. 1994. Overview of world elasmobranch fisheries. FAO Fisheries Technical Paper  
      No. 341. FAO, Rome, Italy. 
Bradsher, K. 2005. “Disneyland in China Offers a Soup and Lands in a Stew.” The New York 
Times. 
         Arthur O. Sulzberger, Jr. 17 June, 2005. Web. 13 Nov. 2012. 
Campbell, N.A., Reece, J.B. 2008. Biology, 8th ed. Pearson Benjamin Cummings,. Ca, pp. 1209. 
Castro, P., Huber, M.E. 2010. Marine Biology, 8th ed. McGraw-Hill., NY, pp. 110 &392-393. 
Cesarotto, I.Z., Carro, A.L., Vargas, R.A. 2010. La Alimentacion de tiburones martillo jovenes 
        (Sphyrna lewini) capturados en el Gulfo de Nicoya, Costa Rica. Bol Invest Mar Cost 39(2):  
        447-453. 
Clarke, S.C., Magnussen, J.E., Abercrombie, D.L., McAllister, M.K., Shivji, M.S. 2006a. 
         Identification of shark species composition and proportion in the Hong Kong shark fin  
         market based on molecular genetics and trade records. Conservation Biology 20(1): 201-    
         211. 
Clarke, S.C., McAllisster, M.K., Milner-Gulland, E.J., Kirkwood, G.P., Michielsens, C. G.J., Agnew, 
        D.J., Pikitch, E.K., Nakano, H., Shivji, M.S. 2006b. Global estimates of shark catches using  
        trade records from commercial markets. Ecology Letters 9:1115-1126. 
Cubero-Pardo, P., Herron, P., Gonzalez-Perez, F. 2011. Shark reactions to scuba divers in two  
        marine protected areas of the Eastern Tropical Pacific. Aquatic Conservation: Marine and 
        Freshwater Ecosystems 21: 239-246. 
Duffy, J.E. 2006. Biodiversity and the functioning of seagrass ecosystems. Marine Ecology 
       Progress Series 311: 233-250. 
Dulvy, N.K., Baum, J.K., Clarke, S., Compagno, L.J.V., Cortés, E., Domingo, A., Fordham, S., 
        Fowler, S., Francis, M.P., Gibson, C., Martínez, J., Musick, J.A., Soldo, A., Stevens, J.D. & 
        Valenti, S. 2008. You can swim but you can’t hide: the global status and conservation of 
        oceanic pelagic sharks and rays. Aquatic Conservation: Marine and Freshwater Ecosystems  
        18:459-482. 
Edgar, G.J., Banks, S.A., Bessudo, S., Cortes, J., Guzman, H.M., Henderson, S., Marinez, C.,   
        Rivera, F., Soler, G., Ruiz, D., Zapata, F.A. 2011. Variation in reef fish and invertebrate  
        communities with level of protection from fishing across the Eastern Tropical Pacific 
        seascape. Global Ecology and Biogeography 20: 730-743. 
Ferretti, F., Worm, B., Britten, G.L., Heithaus, M.R., Lotze, H.K. 2010. Patterns and ecosystem  
        consequences of shark declines in the ocean. Ecology Letters 13: 1055-1071.                  
Food and Agriculture Organization of the United Nations. 2005. Review of the State of World  
        Marine Fishery Resources. In “FAO Fisheries Technical Paper (FAO) No. 457,” p. 235. Food 
        and Agriculture Organization of the United Nations, Rome, Italy. 
Garla, R.C., Chapman, D.D., Wetherbee, B.M., Shivji, M. 2006. Movement patterns of young  
        Caribbean reef sharks, Carcharhinus perezi, at Fernando de Noronha Archipelago, Brazil:  
        The potential of marine protected areas for conservation of nursery ground. Marine  
        Biology 149: 189-199. 
Hearn, A., Ketchum, J., Klimley, A.P., Espinoza, E., Penaherrera, C. 2010. Hotspots within 
        hotspots? Hammerhead shark movements around Wolf Island, Galapagos Marine Reserve. 
        Marine Biology 157:1899-1915. 
IUCN 2012. IUCN Red List of Threatened Species. Version 2012.2. <www.iucnredlist.org>.   
       Downloaded on 30 November 2012. 
Ketchum, J., Hearn, A., Shillinger, G., Espinoza, E. Penherrera, C., Klimley, P. 2009. Shark  
        movements and the design of protected pelagic environments within and beyond the  
        Galapagos Marine Reserve. Galapagos Science Symposium 127-130.  
Martinez, M.L., Intralawan, A., Vazquez, G., Perez-Maqueo, O., Sutton, P., Landgrave, R. 2007.  
         The coasts of our world: Ecological, economic and social importance. Ecological Economics  
         63: 254-272.  
Murray, R, dir. The end of the line. 2009. Film. 
Myers, R.A. & Worm, B. 2003. Rapid worldwide depletion of predatory fish communities.  
        Nature, 423, 280-283. 
Myers, R.A., Baum, J.K., Shepherd, T.D., Powers, S.P., Peterson, C.H. 2007. Cascading effects of  
        the loss of apex predatory sharks from a coastal ocean. Science 315: 1846-1850. 
National Marine Fisheries Service. 2011. U.S. National Bycatch Report [W.A. Karp, L.L. Desfosse, 
         S.G. Brooke, Editors]. U.S. Dep. Commer., NOAA Tech. Memo. NMFS-F/SPO-117E, 508 p.  
        43-45. 
Pough, F.H., Janis, C.M., Heiser, J.B. 2009. Vertebrate Life, 8th ed. Pearson Benjamin Cummings.,  
        Ca, pp. 110 & 116-117. 
Pradervand, P., Mann, B.Q., Bellis, M.F. 2007. Long-term trends in the competitive shore fishery 
        along the KwaZulu-Natal coast, South Africa. African Zoology 42: 216-236. 
Robbins, W.D., Hisano, M., Connolly, S.R., Choat, J.H. 2006. Ongoing collapse of coral-reef 
        shark populations. Current Biology 16: 2314-2319. 
Roberts, C.M. 2003. Our shifting perspectives on the oceans. Oryx 37: 166-177. 
Sims, D.W., & Southward, A.J. 2006. Dwindling fish numbers already of concern in 1883. Nature 
        439: 660. 
Sims, D.W. ed. 2009. Advances in Marine Biology, Vol. 56. Elsevier., London, UK, pp. 285, 288, 
         297-299, 300-301, 303, 340-341. 
Snell H.M., Stone P.A., Snell H.L. 1996. Special paper: a summary of geographical characteristics  
        of the Galapagos Islands. Journal of Biogeography 23: 619-624.  
Speed, C.W., Field, I.C., Meekan, M.G., Bradshaw, C. 2010. Complexities of coastal shark  
        movements and their implications for management. Mar Ecol Prog Ser 408: 275-293. 
Stewart, R, dir. Sharkwater. 2006. Film. 
van der Elst, R.P. 1979. A proliferation of small sharks in the shore-based Natal sport fishery. 
        Environ. Biol. Fishes 4: 349-362. 
Ward, P., Myers, R.A. 2005. Shift in open-ocean fish communities coinciding with the 
         commencement of commercial fishing. Ecology 86: 835-847. 
 
 
 
 
 
